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(54) Vacuum pump 

(57) A vacuum pump has a pump case (1) with a 
gas suction port (2) at the upper surface thereof and a 
gas exhaust port (3) at the lower part thereof; a stator 
column (5) disposed in the pump }: pase-as : , so,, to be . 
erected ; a flange (1a) formed along the circumferential 
top of the pump case; a rotor shaft (7) disposed in the 
center of. the stator column; a rotor (9) rotatably support- 
ed by the stator column via the rotor shaft; a rotor blade 
(10) fixed to the circumferential outer surface of the ro- 
tor; a stator blade (1 1 ) fixed to the circumferential inner 
surface of the pump case such that the rotor blade and 
the stator blade are alternately disposed; a driving motor 
(8) disposed between the rotor shaft and the stator col- 
. umn; and bolts for connecting the flange to the a cham- 
ber. The flange includes boll insertion holes (15), each 
having plural steps which increase in size step by step 
toward the chamber. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to vacuum 
pumps used in semiconductor manufacturing appara- 
tus, and more particularly, the present invention relates 
to the structure of a vacuum pump for preventing a brittle 
fracture of a fastening bolt that connects the vacuum 
pump and a process chamber, which is caused by a 
damaging torque. 

2. Description of the Related Art 

[0002] In a process such as dry etching, chemical va- 
por deposition (CVD), or the like performed in a high- 
vacuum process chamber in semiconductor manufac- 
turing step, a vacuum pump such as a turbo-molecular 
pump is used for producing a high vacuum in the proc- 
ess chamber by exhausting gas from the process cham- 
ber 

[0003] Fig. 1 illustrates the basic structure of such a 
vacuum pump. As shown in Fig. 1, the vacuum pump 
has a cylindrical pump case 1 having a bottom, and the 
pump case 1 has an opening at the top portion thereof 
serving as a gas suction port 2 and an exhaust pipe, at, 
a lower part of thepyjindra as 
a gas exhaust port 3.: M ;j. , ; ' ; 

[0004] The bottom portion of the casing 1 is covered 
with an^end plate 4, and a stator column 5 is provided 
so as to erected at the center portion of internal bottom 
surface thereof. 

[0005] A rotor shaft 7 rotatably supported by an upper 
ball bearing 6 and a lower ball bearing 6 at the center of 
the stator column 5. 

[0006] A driving motor 8 is arranged inside the stator 
column 5. The driving motor 8 has a structure in which 
a stator element 8a is disposed on the rotor shaft 7, and 
it is structured such that the rotor shaft 7 is rotated about 
the shaft. 

[0007] A rotor 9, which covers the outer circumfer- 
ence of the stator column 5 and is formed in a section- 
shape, is connected to the upper portion protrusion end 
from the stator column 5 of the rotor shaft 7. 
[0008] A plurality of rotor blades 10 is disposed and 
fixed to the upper part of the circumferential outer sur- 
face of the rotor 9. while a plurality of stator blades 11 
and a plurality of rotor blades 10 are alternately dis- 
posed and fixed each other inside of the pump case 1 
via ring spacers 11a. 

[0009] The pump case 1 has a threaded stator 12 is 
disposed and fixed under the blades 10 and 11 and 
around the rotor 9. The threaded stator 12 is formed to 
be a tapered cylindrical shape so as to surround the out- 
er circumferential surface of the lower part of the rotor 
9 and is formed its inner surface to be tapered shape, 
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the inner surface of which diameter gradually decreases 
downwardly. Also, the threaded stator 12 has thread 
grooves formed on the tapered inner surface thereof. 
[0010] A flange 1a is formed along the circumferential 

5 uppermost portion of the pump case 1 . The flange 1 a is 
fitted on the peripheral end of opening portion of the low- 
er surface side of a process chamber (hereinafter, re- 
ferred to as "chamber") 14 and a plurality of fastening 
bolts 15, which penetrate the flange 1a } are screwed in 

10 and fixed to the chamber 1 4, so that the pump case 1 is 
connected to the chamber 14. 

[0011] Next, the operation of the foregoing vacuum 
pump will be described. In this vacuum pump, firstly, an 
auxiliary pump (not shown) connected to the gas ex- 

15 haust port 3 is activated so as to evacuate the chamber 
14 to a certain vacuum level. Then, the driving motor 8 
is operated so as to rotate the rotor shaft 7, the rotor 9 
connected to the rotor shaft 7, and the rotor blades 10 
also connected to the rotor shaft 7 are rotated at high 

20 speed. 

[001 2] When the rotor blade 1 0 rotating at high speed 
at the uppermost stage, the rotor blade 10 Imparts a 
downwards momentum to the gas molecules to entering 
through the gas suction port 2, the gas molecules with 
25 this downwards momentum are guided by the stator 
blades 11 to be transferred to the next lower rotor blade 

1 0 side. By repeating this imparting of momentum to the 
gas molecules and transferring operation, the gas mol- 
ecules are transferred from the gas suction port 2 to the 

30 inside of the thread stator 12 provided on the lower por- 
tion side of the rotor 2 in order. The above-described 
operation of exhausting gas molecules is called a gas 
molecule exhausting operation performed by the inter- 
action between the rotating rotor blades 10 and the sta- 

35 tionary stator blades 11 . 

[0013] The gas molecules reaching to the thread sta- 
tor 12 by the above-described gas molecule exhausting 
operation are compressed from a intermediate flow 
state to a viscous flow state, are transferred toward the 

^0 gas exhaust port 3 by the interaction between the rotat- 
ing rotor 9 and the thread grooves formed inside the 
thread stator 1 2 and are eventually exhausted to the out- 
side via the gas exhaust port 3 by the auxiliary pump 
(not shown). 

45 [0014] Incidentally, as structural materials of the cas- 
ing 1 . the rotor 9, the rotor blade 1 0 and the stator blade 

11 or the like, which compose the vacuum pump, light 
alloy, in particular, aluminum alloy is normally employed 
in many cases. This is because aluminum alloy is ex- 

50 cellent in machining and can be precisely processed 
without difficulty. However, the hardness of aluminum 
alloy relatively low as compared with other materials and 
aluminum alloy may cause a creep fracture depending 
on the operating condition. Further, a brittle fracture may 

55 occur in operation mainly caused by a stress concen- 
tration at the lower part of the rotor 9. 
[0015] if the brittle fracture occurs in the rotor 9 during 
a high speed rotation, some of the rotor blades 10 inte- 
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grRlly formed. with the circumferential outer surface of 
the rotor 9 crash into the ring spacers 11a disposed on 
the circumferential inner surface of the pump case 1. 
Since the ring spacers 11a have insufficient strength 
against this smashing force, the smashing force causes 
the ring spacers 11a to expand in the radial direction 
thereof. When a sufficient clearance is hot provided be- 
tween the ring spacers 11a and the circumferential inner 
surface of the pump case 1 : ,the expanded ring spacers 
1 1 a come into contact with the cjrpurpf eEential inner sur- 
face of the pump case 1 , thereby producing a large. dam- 
aging torque which causes the whole pump case 1 to 
rotate, and accordingly, this damaging torque causes 
the chamber 14 to be broken or the torsional moment 
due to the damaging torque causes the bolts 1 5 fasten- 
ing the pump case 1 to the chamber 14 to be broken by 
shearing. 

[0016] Since such a damaging torque causes the con- 
tact surface of the flange 1a of the pump case 1 with the 
chamber 1 4 to act as a sliding surface and two very large 
forces to be instantaneously exerted on a portion, lying 
in the vicinity of the contact surface, of the bolt shaft of 
each bolt 15 in opposite directions, the bolt 15 is easily 
broken at the foregoing portion acting as a breaking sur- 
face, thereby leading to the above-described shearing 
breakage. Once the bolt 1 5 is broken, since its bolt shaft 
cannot be extracted from the corresponding hole of the 
chamber 14, the bolt shaft left in the chamber 14 must 
be removed by tapping. Also, replacing the damaged 
vacuum pump with a new one is troublesome. 
[0017] The present invention is made so as to solve 
the above-described problems. It is an object of the 
present invention to provide a vacuum pump which pre- 
vents a chamber and fastening bolts, connecting the 
pump to the chamber, from being broken even when a 
damaging torque occurs caused by a trouble in the 
pump, and which can be quickly replaced with a new 
one. 

SUMMARY OF THE INVENTION ;•. 

[001 8] To attain the above described object; a vacuum- 
pump according to the present invention comprises a 
pump case including a gas suction port formed at an 
upper surface of the pump case and a gas exhaust port 
formed at a lower part of the cylindrical surface of the 
pump case; a rotor rotatably supported by a stalor col- 
umn via a rotor shaft, wherein the rotor is provided with 
a rotor blade fixed to the circumferential outer surface 
of the rotor and the stator column is. provided so as to 
be erected in the pump case; a stator blade alternately 
fixed and positioned with the rotor shaft to the circum- 
ferential inner surface of the pump case; a driving motor 
disposed between the rotor shaft and the stator column; 
a plurality of bolts for connecting a flange to the circum- 
ferential bottom portion of a chamber, wherein the flange 
is formed along the circumferential top portion of the 
pump case; a plurality of bolt insertion holes having 



stages which increase in size step by step toward the 
fixing surface of the chamber. 

[0019] In the vacuum pump having the above : de- 
scribed structure according to the present invention, 

5 when the damaging torque is generated, the shearing 
force at the upper edge of each step caused by the dam- 
aging torque moves upwards step by step and does not 
concentrate on one specific upper edge, and the shock 
caused by the damaging torque is absorbed during this 

10 time period. As a result, the bolt shaft of the bolt merely 
undergoes a plastic deformation, thereby preventing the 
damaging torque from being transferred to the chamber 
so that the chamber is prevented from being damaged, 
and also preventing the bolt from being broken. 

15 [0020] The vacuum pump according to the present in- 
vention may further comprise a buffer member disposed 
between the inner wall of the bolt insertion hole and the 
bolt shaft of the corresponding bolt. With this structure, 
the buffer effect of the elastically deformed buffer mem- 

20 ber prevents the damaging torque from being trans- 
ferred to the chamber so that the chamber is prevented 
from being damaged, and also prevents the bolt from 
being broken. 

[0021 ] The vacuum pump according to the present in- 
25 vention may have a structure in which the bolt insertion 
hole may have two steps having large and small diam- 
eters and the buffer member may be disposed between 
the bolt shaft and the large step portion close to the 
chamber. 

30 [0022] Alternatively, the vacuum pump may further 
comprise a washer disposed between the bolt head and 
the flange, and has a structure in which the buffer mem- 
ber has a insertion hole for the bolt shaft to pass there- 
through, and the bolt shaft and the upper part of the buff- 

35 er member having an enlarged inner diameter have a 
gap therebetween. 

[0023] Still alternatively, the vacuum pump may have 
a structure in which the bolt insertion hole has a tapered 
shape which increases in size toward the fixing surface 
40 of the chamber and the buffer member having a truncat- 
ed cone shape is disposed between the bolt shaft and 
the bolt insertion hole . 

[0024] A variety of devised shapes and structures of 
the buffer members disposed between the bolt shaft and 
is the bolt Insertion hole prevent the damaging torque from 
being transferred to the chamber so that the chamber 
may be prevented from being damaged, and also pre- 
vent the bolt from being broken. 

[0025] In the vacuum pump according to the present 
50 invention, the bolt is preferably an extending bolt com- 
prising a reduced-diameter portion between the bolt 
. head and the male-threaded portion thereof and the di- 
ameter of the reduced-diameter portion is preferably 
smaller than the root diameter of the male-threaded por- 
55 tion. 

[0026] In the vacuum pump according to the present 
invention, the extending bolt is preferably screwed into 
the chamber such that the top of the reduced-diameter 
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portion enters the chamber by the length of one or two 
threads of the bolt. 

[0027] In the vacuum pump according to the present 
invention, the buffer member may be composed of a 
rubber material. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Fig. 1 is a front sectional -view o^e^eiilSre'stPUcture 
of a vacuum pump according to the present inven- 
tion; 

Fig. 2 is a partial front view in section illustrating the 
connecting structure of a flange and a chamber of 
a vacuum pump according to a first embodiment of 
the present invention; 

Figs. 3(a) to 3(c) are partial front views in section 
illustrating a process in which a damaging torque is 
generated; 

Fig. 4 is a partial front view in section illustrating a 
second embodiment according to the present in- 
vention; 

Fig. 5 is a partial front view in section illustrating a 
modification of the second embodiment according 
to the present invention: 

Fig. 6 is a partial front view in section illustrating an- 
other modification of the second embodiment ac- 
cording to the present invention; 
Fig. 7 is a front view of an extending bolt used for 
connecting the flange to the chamber according to 
the present invention; 
and 

Fig. 8 is a partial front view in section illustrating an 
example of the extending bolt shown in Fig. 7 ap- 
plied to to the second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Vacuumpu-rnp^ 

iments of the present rnverttioii i^ilf-% : d&^ecl--1tii'fu% 
ther detail with reference to the accompanying draw- 
ings. Since basic structure of a vacuum pump is same 
as that of the conventional pump shown in Fig. 1 . There- 
fore, the entire explanation will be omitted and the same 
numerals and symbols will be used designate the same 
component and the different symbols will be employed 
to designate only the necessary components in the de- 
scription. 

[0030] Figs. 2 and 3 shows a first embodiment of a 
vacuum pump according to the present invention, 
wherein those Figures shows a partial front view in sec- 
tion of a flange 1a and Fig. 2 shows the structure of the 
first embodiment 1 a and Figs. 3(a) to 3(c) shows a proc- 
ess thereof 

[0031] The bolt 15 is of a commonly used type formed 
of' stainless steel and has a hexagon-socket bolt head 



15a and a bolt shaft 15b integrated with the bolt head 
15a. The bolt shaft 15b has a male-threaded portion 
formed thereon so as to have a given thread pitch. 
[0032] The chamber 14 has a plurality of female- 

5 threaded portions 14a formed in the circumferential fix- 
ing portion thereof along the circumferential upper sur- 
face of the flange 1a. Each female-threaded portion 14a 
has the same thread pitch as that of the male-threaded 
portion formed on the bolt shaft 15b. 

10 [0033] Although the figures illustrate only one con- 
necting structure, the number of the fastening bolts 15 
is in the order of 8 to 12 depending on the diameter of 
the pump case 1 and the corresponding number of the 
female-threaded portions 14a are formed in the fixing 

is portion of the chamber 14 at a same interval in the cir- 
cumferential direction of the flange 1a. 
[0034] A bolt insertion hole 20 is formed in the flange 
1 a so as to correspond to the female-threaded portions 
1 4a. The cross section of the bolt insertion hole 20 has 

20 three steps 20a, 20b, and 20c having greater diameters 
step by step toward the fixing surface of the flange 1a 
in this embodiment. The first step 20a has a diameter 
d1 , the same as that of a typical bolt insertion hole, the 
second step 20b has a diameter d2 slightly greater than 

25 d1 , and the third step 20c has the maximum diameter 
d3. 

[0035] In the vacuum pump having the above-de- 
scribed structure, when some kind of problem occurs 
and thus causes breaking forces F and F\ which are 

30 equal to each other but act in the opposite directions, to 
be produced in the pump case 1 in the circumferential 
direction thereof, first, as shown in Fig. 3(a), the flange 
1a moves in the circumferential direction thereof due to 
the forces F and P which are greater than the fastening 

35 force of the bolt 1 5. As a result, the bolt shaft 15b abuts 
against the inner wall of the first step 20a of the insertion 
hole 20 and then the bolt shaft 15b is bent at a contact 
point CP1 contacting with the upperedge of the first step 
20a due to a shearing force produced at the contact 

40 point CP1 . Then, as shown in Fig. 3(b), the bolt shaft 
15b is further bent at a contact point CP2 contacting with 
the upper edge of the second step 20b. 
[0036] Furthermore, as shown in Fig. 3(c), the bolt 
shaft 15b is further bent at a contact point CP3 contact- 

45 ing with the upper edge of the third step 20c and also 
experiences a shearing force produced by the mutual 
slide between the fixing surfaces of the flange 1a and 
the chamber 14. 

[0037] Although the above-described movement oc- 
50 curs instantaneously, since the bolt shaft 15b experienc- 
es bending moments in a time sequential manner at the 
three points from the steps 20a to 20c, and also at the 
fixing surfaces, the shearing forces due to the bending 
moment do not concentrate on one point of the bolt 
55 shaft. Also, the flange 1 a absorbs a shock by moving in 
the circumferential direction thereof during this time pe- 
riod of operation. Since the bolt shaft 15b simply expe- 
riences a plastic deformation as shown in Fig. 3(c), the 
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above-described structure prevents the transfer of the 
damaging torque to the chamber 14, thereby preventing 
the chamber 14 from being damaged and also the 
breaking of the bolt 15. Accordingly the damaged vac- 
uum pump can be quickly replaced with a new one with- 
out tapping since the broken bolt 15 can be extracted 
from the chamber 14 by using, for example, a wrench. 
[0038] In the first embodiment shown in Figs. 2 to 3 
(c), a buffer member having a . large diameter shown in 
Fig. 4, which will be described later, or another buffer 
member filling the overall gap between the bolt 15 and 
the bolt insertion hole 20 may be used. 
[0039] Figs, 4 to 6 show the second embodiment, us- 
ing a buffer member and the modifications according to 
the second embodiment. . 

[0040] As shqwn;in : .Fig -;4; -:a;jb.(^'Ji^§rtion .'hole 30 
formed in the flange 1a has two steps- i.e..,. a small-di- 
ameter step 30a and a large djameter.step 30b on the 
step 30a, and a. cylindrical buffer. member 31 is Tilled in 
the gap between the large step portion 30b and the bolt 
shaft 15b. The buffer member 31 is formed of a rubber 
material or the like used for an O-ring. 
[0041] In the second embodiment shown in Fig. 4, 
when the damaging torque is generated, the shearing 
forces exerted on the bolt shaft 15b. are dispersed be- 
cause the bolt shaft 1 5b contacts the upper edge of the 
small-diameter step 30a and.then the upper edge of the 
large-diameter step 30b in a similar fashion to that in the 
first embodiment, and additionally, the elasticaliy de- 
formed buffer member 31 provides a buffer effect. As a 
result, the above-described dispersion of the shearing 
forces and buffer effect prevent the transfer of the dam- 
aging torque to the chamber 14, thereby preventing the 
chamber 14 from being damaged and also the bolt 15 
from being broken. 

[0042] Fig. 5 shows a modification according to the 
second embodiment. As shown in. Fig. 5, a large-diam- 
eter bolt insertion hole 40 having a straight cylindrical 
wall is formed in the flange 1a and the bolt shaft 15b 
passes through the bolt insertion hole 40 having a buffer 
member 41 interposed therebetween. Also, the male- 
threaded portion of the bolt shaft 1 5b is screwed in and 
fixed to the female-threaded portion 14a of the chamber 
14. The straight cylindrical buffer member 41, which is 
forced and fitted into the bolt insertion hole 30, has an 
upper portion having an. inner diameter larger than the 
diameter of the bolt shaft 15b^ a^tb^ l^rri a predeter- 
mined gap d between, the foregoing upper portion and 
the bolt shaft 15b. In addition, aflat washer 42 is inter- 
posed between the bolt head 1.5a and the flange 1a so 
as to increase a contact area of the bolt head 15a with 
the flange 1 a via the flat washer 42. 
[0043] According to the modification shown in Fig. 5, 
in addition to a buffer effect due to the elastic deforma- 
tion of the buffer member 41 , the gap d formed around 
the upper, portion of the bolt shaft 15b provides the bolt 
shaft 1 5b with a sufficient space for the plastic deforma- 
tion, and the flat washer 42 lying between the bolt head 
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15a and the bolt insertion hole 40 allows the bolt 15 to 
move. Accordingly, the above-described structure pre- 
vents the transfer of the damaging torque to the cham- 
ber 14, thereby preventing the chamber 14 from being 

5 damaged and also the breaking of the bolt 15. 

[0044] As shown in Fig. 6 illustrating the other modi- 
fication, a bolt insertion hole 50 having an upwardly-en- 
larging tapered shape is formed in the flange 1a, and a 
buffer member 51 having a truncated cone shape is 

10 filled in the gap between the bolt insertion hole 50 and 
the bolt shaft 15b. 

[0045] According to the other modification shown in 
Fig, 6, since the buffer member 50 having a geometrical 
shape along which. the bolt shaft 15b is likely deformed 

15 due to an assumed bending moment is disposed in the 
above : described manner, the buffer member 50 pro- 
vides the bolt shaft 15b with a uniform buffer effect along 
its deformed portion. Accordingly, the above-described 
structure prevents the transfer of the damaging torque 

20 to the chamber 14, thereby preventing the chamber 14 
from being damaged and also the bolt 15 from being 
broken. 

[0046] In the connecting structure shown in Fig. 6, the 
buffer member 51 may be eliminated. 
25 [0047] Next, the use of an extending bolt for connect- 
ing the flange la to the chamber 14 according to the 
present invention will be described below with reference 
to Figs. 7 and 8. 

[0048] As is well known, the extending bolt shown in 
30 Fig. 7 has a reduced-diameter portion 15d, as a part of 
the bolt shaft 15b, between the bolt head 15a and the 
male-threaded portion 15c. The . diameter of the re- 
. duced-diameter portion 1 5d is formed so as to be small- 
er than the root diameter of the male-threaded portion 
35 15c such that the reduced-diameter portion 15d extends 
so as to prevent components in the vicinity of the bolt 
from being damaged when an extraordinary load is ex- 
erted on the bolt. 

[0049] By. using this extending bolt as the fastening 

40 bolt 15. the transfer of the damaging torque and the 
breaking of the bolt are further reliably prevented. 
[0050] Fig. 8 shows an example of using an extending 
bolt. The way of preventing the transfer of the damaging 
torque and the breaking of the bolt by using the extend - 

45 ing bolt 15 will be described in reference to Fig. 8. The 
extending bolt 15 is screwed Into the female-threaded 
portion 14a of the chamber 14 such that the top of the 
reduced-diameter portion 1 5d enters the chamber 1 4 by 
the length of one or two threads of the bolt 15. The re- 

50 duced-diameter portion 15d and the female-threaded 
portion 14a of the chamber 14 have a space therebe- 
tween. When the damaging torque is exerted on the 
flange 1a in this state, although the extending bolt 15. 
experiences shearing and tensile forces in a similar 

55 fashion to that shown in Fig. 3. the reduced-diameter 
portion 15d of the extending bolt 15 extends and bends 
in a spacious bolt insertion hole 20. In an extraordinary 
case, the reduced-diarneter portion 15d is broken. Ac- 
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cordingly, the portions of the bolt 15 other than the re- 
duced-diameter portion 15d, including the male-thread- 
ed portion 15c. are not deformed and the kinetic energy 
due to the damaging torque is absorbed by the defor- 
mation of the reduced-diameter portion 15d of the ex- 
tending bolt 15. 

[0051] As a result, the male-threaded portion 15c and 
the female-threaded portion 1 4a are not deformed at all, 
thereby allowing the broken fastening bolt 1 5 to be eas- 
ily extracted from the female-threaded portion 1 4a of the 
chamber 14. 

[0052] Also in the embodiment shown in Fig. 8, a buff- 
er member can be filled in the upper part or the entire 
part of the gap between the extending bolt 15 and the 
bolt insertion hole 20. 

[0053] As is seen from the above description, since 
the vacuum pump according to the present invention 
has a structure in which the bolt insertion hole formed 
in the flange has a plurality of steps which increase in 
size towards the top step by step, damage to the cham- 
ber caused by tlte! <fam.iagi^^^4t%^^? d ' tp '. the 
chamber can be prevented and also the breaking of the 
bolt for connecting the vacuum pump to the chamber 
can be prevented, thereby allowing the damaged vacu- 
um pump to be quickly replaced with a new one. 



Claims 

1 . A vacuum pump comprising: 

a pump case (1 ) including a gas suction port (2) 
formed at an upper surface of the pump case 
and a gas exhaust port (3), formed at a lower 
part of the cylindrical surface of the pump case; 
a rotor (9) rotatably supported by a stator col- 
umn (5) via a rotor shaft (7), wherein the rotor 
is provided with a rotor blade (10) fixed to the 
circumferential outer surface of the rotor and 
the stator column is provided so as to be erect- 
ed in the pump case; 

a stator blade (11) alternately fined and posi- 
tioned with the rotor shaft to the circumferential 
inner surface of the pump case, 
a driving motor (8) disposed between the rotor 
shaft and the stator column; 
a plurality of bolls (1 5) for connecting a flange 
(1a) to the circumferential bottom portion of a 
chamber (14), wherein the flange is formed 
along the circumferential top portion of the 
pump case; '•. .'K yi: '»,:.. 
a piuraMrr? cif^^ hav- 
ing stages wtiicrviri crease irY sfee^sfep'by step 
toward the fixing surface of the charnber. 

2. The vacuum pump according to Claim 1, further 
comprising a buffer member (31,41,51) disposed 
between the bolt insertion hole bored at the flange 



and the bolt shaft of the corresponding bolt. . 

3. The vacuum pump according to Claim 2, wherein 
the bolt insertion hole has two steps having large 

5 and small diameters and the buffer member is dis- 

posed between a bolt shaft (1 5b) and the large step 
portion close to the chamber. 

4. The vacuum pump according to Claim 2, further 
w comprising a washer (42) disposed between a bolt 

head (1 5a) and the flange, wherein the buffer mem- 
ber has a insertion hole for the bolt shaft to pass 
therethrough, and the bolt shaft and the upper part 
of the buffer member having an enlarged inner di- 
15 ameter have a gap (d) therebetween. 

5. The vacuum pump according to Claim 2, wherein 
the bolt insertion hole has a tapered shape which 
increases in size toward the fixing surface of the 

20 chamber and the buffer member having a truncated 
cone shape is disposed between the bolt shaft and 
the bolt insertion hole. 

6. The vacuum pump according to Claim 1, wherein 
25 the bolt is an extending bolt comprising a reduced- 
diameter portion between the bolt head and a male- 
threaded portion (15c) thereof and the diameter of 
a reduced-diameter portion (15d) is smaller than the 
root diameter of the male-threaded portion. 

30 

7. The vacuum pump according to Claim 6, wherein 
the extending bolt is screwed into the chamber such 
that the top of the reduced-diameter portion enters 
the chamber by the length of one or two threads of 

35 the bolt. 

8. The vacuum pump according to Claim 2, wherein 
the buffer member consists of a rubber material. 
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